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ABSTRACT 
 
Few problems that have been identified with most of the existing developed blending and 
hammering machines/mills are as follows: low efficiency and output rate, metal particulate in 
ground product or flour which is hazardous for consumption and good health. Lubrication 
systems of some were faulty in that hazardous lubricants get mixed with milled products.   
The aim of this project is to develop a blender-hammer crushing machine suitable for domestic 
and laboratory use for production of fine paste and coarse aggregates.  
The design was based on elimination of metal to metal contact, contamination of grinded material 
and excessive vibration.  
 The blender-hammer mill consists of the following components; inlet hopper, grinding chamber, 
a combined crushing hammer blades vertically set and blending blade that are horizontally fixed. 
The mill was constructed from locally sourced martensitic stainless steel 420 series.  A sieve was 
introduced beneath the hammer chamber to sieve the ground mass. The main shaft was mounted 
on two sealed ball bearings, and it rotate at speed of 2880 rpm transmitted by two ‘B’V belt 
driven from a 3.75 kilowatt electric motor.  
The results showed that the crushing efficiency ranged from 86% for dry corn to 98% for cassava.  
We conclude that a blender hammer machine developed is capable of grinding grains legumes, 
dry cassava, and yams into fine and coarse aggregates.  
 
 
 
 
 
 
 
 
viii 
 
TABLE OF CONTENT 
 
Title Page No 2………………………………………………………………………………....i 
Acceptance……………………………………………………………………………………...i 
Declaration …………………………………………………………………………………….ii 
Certification………………………………………………………………………...................iii 
Dedication……………………………………………………………………..........................iv 
Acknowledgement………………………………………………………………….................iv 
Abstract…………………………………………………………………………….................vii 
Table of content……………………………………………………………………………...viii 
List of tables…………………………………………………………………………………viii 
List of figure…………………………………………………………………………………..ix 
List of plates…………………………………………………………………………………...x 
 
CHAPTER ONE 
1.0 INTRODUCTION……………………………………………………………………….....1 
1.1 Background………………………………………………………………………………....1 
1.2 Aim.…...................................................................................................................................2 
1.3 Precise intention of the project………………………………………………………..........2 
1.4. Scope of the work………………………………………………………………………….2 
1.4 Justification of the research work…………………………………………………………..2 
 
CHAPTER TWO: 
LITERATURE REVIEW…………………………………………………………………….3 
2.1 Background of hammer mills……………………………………………………………....5  
2.2 Different classes of milling machines………………………………………………………5 
2.2.1 Hammer Mills….................................................................................................................6 
2.2.2 Plate Mills………………………………………………………….……………………..6 
2.3 Common material for hammer mills……………………………………………………. ....7 
 
CHAPTER THREE: 
3 MATERIALS AND METHOD……………………………………………………………..10 
ix 
 
3.1 Material adopted for the grinding machine ……………………………………………….10 
3.2 Bill of material quantity……………………………………………………………….......10 
3.3 Parts’ nomenclature and Functionality………………………………………………........15 
3.4 Theoretical Design Consideration…………………………………………………….......23 
3.4.1 Choice of electric moto…………………………………………………………………23 
3.4.2 Selection of transmission drives……………………………………………………......23 
3.4.3 Pulley or sheaves Design… …………………………………………………………....24 
3.4.4 Evaluation of length of belt………………………………………………………….…25 
3.4.5 Calculation of the belt contact angle…………………………………………………...27 
3.4.6 Belt tension determination…… ……………………………………………………….28 
3.4.7 The torque and power transmitted to the shaft…............................................................28 
3.4.8 Determination of the weight of blender hammer……………………………………....29 
3.4.8. i. Weight of one blending blade…………………………………………………….....30 
3.4.8. ii Weight of the hammers blades………………………………………………………30 
3.4.8. iii Weight of both blend…………………………………………………………….....30  
3.4.9 Calculation of the centrifugal force applied by the blender hammer……......................30 
3.4.10 Calculation of blender hammer shaft diameter……………………………………….30 
3.4.11. The maximum bending moment of the main shaft…...................................................31 
3.4.12 Determination of the shaft diameter…………………………………………………..31 
3.4.13 Shaft component generated…………………………………………………………...32 
3.4.14 Bearing selection……………………………………………………………………...45 
3.4.15 Blender hammer mill calculated parameters………………………………………….45 
3.5.0 Blender hammer major parts manufacturing/technological process……………….......46 
3.5.1 Lathe machine operation……………………………………………………………….46 
3.5.2 Drilling machine operation………………………………………………………….....46 
3.5.3 Milling machine operation……………………………………………………………..46 
3.5.4 Fabrication and welding operation……………………………………………………..46 
3.5.5 Heat treatment operation……………………………………………………………….46 
3.6 Assembly of the hammer mill……………………………………………………………46 
3.6.1 Hammer mill installation……………………………………………………………….46 
3.7 Principle of operation of the machine…………………………………………………….47 
3.7.1 Size reduction principle ………………………………………………………………...47 
3.8 Evaluation of the machine throughput capacity…………………………………………..47 
3.8.1 Calculation of area of flow…………………………………………………………......48 
x 
 
3.9. Performance evaluation………………………………………………………………….51 
3.9.1 Testing of the machine………………………………………………………………….51  
3.9.2 Idle testing or running…………………………………………………………………..51 
3.9.3Load.test procedure….......................................................................................................51 
 
CHAPTER 4 
RESULTS 
4.1. Testing with dry corn…………………………………………………………………….52 
4.2. Output capacity and tonnage……………………………………………………………..53 
4.3 Discussion………………………………………………………………………………...57 
CHAPTER 5  
CONCLUSION 
5.1 Conclusion………………………………………………………………………………..58 
5. 2 Recommendation ………………………………………………………………………..59 
REFERENCES 
. References…………………………………………………………………………...............60 
 
APPENDIX 
LIST OF FIGURES 
Fig. 1 Blender-hammer assembly Diagram…………………………………………………..14 
Fig. 2 Main shaft……………………………………………………………………………...17 
Fig. 3 Hammer blade…………………………………………………………………………19 
Fig. 4 Blender blade…………………………………………………………………………..20 
Fig. 5 Ball bearing………………………………………………………………………….....22 
Fig. 6 The idle collar………………………………………………………………………….23  
Fig. 7 The v-belt profile………………………………………………………………………25 
Fig. 8 The pulley system……………………………………………………………………...27 
Fig. 9 The shear force and bending moment analysis…………...……………………………33 
Fig. 10 Shear Force………….………………………………………………………………..33 
Fig. 11 Shear Force, YZ Plate………………………………………………………………...34 
Fig. 12 Shear Force, XZ………….…………………………………………………………...34 
xi 
 
Fig. 13 Bending Moment……………………………………………………………………..35 
Fig. 14 Bending Moment, YZ Plane…………………………………………………….…....35 
Fig. 15 Bending Moment, XZ Plane…. ……………………………………………………...36 
Fig. 16 Deflection Angle……………………………………………………………………..36 
Fig. 17 Deflection Angle, YZ Plane………………………………………………………….37 
Fig. 18 Deflection Angle, XZ Plane...………………………………………………………..37 
Fig. 19 Deflection….................................................................................................................38 
Fig. 20 Deflection, YZ Plane…………….…………………………………………………...38 
Fig. 21 Deflection, XZ Plane…….……………………………………………………….......39 
Fig. 22 Bending Stress………….………………………………………………………….....39 
Fig. 23 Bending Stress, YZ Plane…………………………………………………….............40 
Fig. 24 Bending Stress, XZ Plane …………………………………………............................40  
Fig. 25 Shear Stress……………………………………………………………………...........41 
Fig. 26 Shear Stress, YZ Plane………………………………………………….....................41 
Fig. 27 Shear Stress, XZ Plane……………………………………………………….............42 
Fig. 28 Torsional Stress……………………………………………........................................42 
Fig. 29 Tension Stress………………………………………...................................................43 
Fig. 30 Reduced Stress…………………………………………………..................................43 
Fig. 31 Ideal Diameter………………………………………………......................................44 
Fig. 32 Blender- Hammer Parts Drawings…………………....................................................63 
Fig. 33 Blender-Hammer parts assembly Drawing……………………………......................64 
Fig. 34 Blender-Hammer parts Drawing ……………………………………….....................65 
 
LIST OF TABLES 
Table 1: Mechanical properties of martensitic stainless steel 420……………………………7 
Table 2: Physical properties of stainless steel 420 series……………………………………..7 
Table 3: Chemical composition (Cast analysis) of 420 series of stainless steel…………........8 
Table 4: Bill of material quantity……………………………………………………………...12 
Table 5: Standard dimensions for V-belts type B……………………………………………..26 
Table 6: Shaft loads on X and Y axis……………………………………………………….....32 
xii 
 
Table 7: Shaft supports………………………………………..................................................32 
Table 8: Results of Blender-Hammer mill calculated parameters……………………………45 
Table 9: Blender-Hammer milled samples’ evaluation……………………………………….52  
Table 10: Output capacity………………………………………………………………….....45  
Table 11: Cost Estimate………………………………………………………………………55. 
 
PLATES 
Plate 1: Hammer blades assembly…………………………………………………………….15 
Plate 2: Blender-Hammer side view…………………………………………………………..49 
Plate 3: Blender-Hammer back view…………………………………………………………50 
Plate 4: Side view of the sieve ……………………………………………………………….66 
Plate 5: Top view of the sieve ……………………………………………………………......67 
 
 
 
 
